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Nonlinear n1agnetosonic waves such as solitons 
and shocks have been studied by many authors, 
and those studies have been applied to plasn1a 
heating, particle acceleration, etc. Recently it 
has been found that the presence of n1ulti ion 
species provides tnany interesting phenomena in 
both wave propagation [1 ,2) and particle acceler-
ation [3). We here mainly describe the nonlinear 
wave propagation. 
In a plasma containing two ion species, the 
n1agnetosonic wave is split into two modes; we 
call them high- and low-frequency modes. Al-
though the high-frequency mode has a finite cut-
off frequency, which is of the order of an ion cy-
clotron frequency, it has been shown that both of 
the modes can be described by I<dV equations. 
The I<dV equation for the low-frequency mode 
is valid when the characteristic wavenun1ber k is 
much stnaller than the wavenumber kc; its tnagni-
tude is kc rv 10-2 X Wpel c. The atnplitudes, there-
fore, must be small. On the other hand, the KdV 
equation for the high-frequency n1ode is valid for 
the atnplitudes (me/mi) 112 << E << 1. These re-
strictions can be understood fron1 the dispersion 
curves, if we note that for KdV solitons we have 
a relation that E112 rv k. The soliton width of the 
low-frequency mode is of the order of the ion skin 
depth, while that of the high-frequency tnode is 
of the order of the electron skin depth. 
To study nonlinear dynamics of magnetosonic 
waves in a two-ion-species plastna in more detail, 
we have carried out computer simulations based 
on a three-fluid model, in which fluid dynamics of 
light ion, heavy ion, and electron are coupled with 
Maxwell equations. We consider waves propagat-
ing in the direction perpendicular to a magnetic 
field. As initial wave profiles we set solitary wave 
solutions obtained from the KdV equations. We 
then observed their space-time evolution. 
Figure 1 shows how large-an1plitude low-
frequency mode behaves, which the above nonlin-
268 
ear theory cannot predict. In this figure magnetic 
field profiles at various times are plotted. It shows 
that a large-amplitude pulse quickly steepens, al-
though its initial profile is a solitary wave solu-
tion of the low-frequency tnode. After the steep-
ening, short-wavelength pulses are generated and 
go ahead of the original long-wavelength pulse. 
From observations of wavelengths and propaga-
tion speeds of these short wavelength pulses, it 
has been shown that these pulses are solitary 
waves of the high-frequency mode; from the large-
amplitude pulse of the low-frequency mode soli-
tary waves of the high-frequency mode were pro-
duced. In the nonlinear dynan1ics the low- and 
high-frequency modes are coupled. 
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Fig. 1. Evolution of nonlinear magnetosonic 
waves. Initially, a large-amplitude ( fJ B / Bo) soli-
tary wave solution for the low-frequency mode is 
imposed. 
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